The frozen elephant trunk: An interesting hybrid endovascular-surgical technique to treat complex pathologies of the thoracic aorta  by Schoenhoff, Florian S. et al.
CASE REPORTS
The frozen elephant trunk: An interesting hybrid
endovascular-surgical technique to treat complex
pathologies of the thoracic aorta
Florian S. Schoenhoff, MD, Juerg Schmidli, MD, Friedrich S. Eckstein, MD, Pascal A. Berdat, MD,
Franz F. Immer, MD, and Thierry P. Carrel, MD, Bern, Switzerland
The treatment of complex aortic pathologies involving the ascending aorta, the aortic arch, and the descending aorta
remains a challenging issue in aortic surgery. The frozen elephant trunk procedure effectively combines surgical and
interventional technologies in the treatment of extensive aortic aneurysms and dissections. We present two patients with
complex aortic lesions involving all three segments of the thoracic aorta. The device used in our series is the new E-vita
open hybrid prosthesis consisting of a proximal woven polyester tube and a distal self-expandable nitinol stent graft,
which can be delivered antegrade into the descending aorta. ( J Vasc Surg 2007;45:597-9.)The treatment of complex aortic pathologies involving
the ascending aorta, the aortic arch, and the descending
aorta remains a challenging issue in aortic surgery. Years
ago, a two-step approach—the elephant trunk procedure—
was described by Borst and colleagues1; this approach
facilitated the construction of the distal anastomosis during
the initial operation and avoided hazardous dissection of
the distal aortic arch during the second step. More recently,
a variation of this technique, the reversed and bidirectional
elephant trunk,2 was described to treat similar pathologies,
but when the descending aorta has to be treated first. The
most recent development of the classic elephant trunk
technique is the combination of an endovascular stent graft
with a conventional surgical graft for hybrid procedures at
the three levels of the thoracic aorta: the ascending, the
arch, and the descending. This new option was termed
frozen elephant trunk.3 The device described in this report
is an E-vita open hybrid prosthesis (Jotec, Hechingen,
Germany) made out of a proximal woven polyester tube
graft and a distal self-expandable nitinol stent graft available
in diameters of 24 to 40 mm. The length of the crimped
Dacron part is 70 mm, and the length of the stent graft is
150 mm in sizes 24 to 30 mm and 160 mm in larger sizes.
CASE REPORT
We present two patients with complex aortic lesions involving
all three segments of the thoracic aorta. Because of the extension of
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doi:10.1016/j.jvs.2006.10.038the disease, the frozen elephant trunk technique was thought to be
an attractive option.
Patient 1 was a 57-year-old woman with a 65-mm aneurysm of
the ascending aorta and 60 mm in the aortic arch and the proximal
descending aorta. The aortic root was severely dilated, and a
moderate to severe aortic valve regurgitation was demonstrated.
The distal thoracic and the abdominal aorta were moderately
enlarged. Coronary angiography was normal. Before sternotomy,
the right subclavian artery was exposed and cannulated.
Cardiopulmonary bypass (CPB) was conducted with the pa-
tient in deep hypothermia. Myocardial protection was performed
with selective cold blood cardioplegia. During cooling, a compos-
ite graft prosthesis, including a 23-mm mechanical valve, was
Fig 1. E-vita open hybrid prosthesis (Jotec, Hechingen, Ger-
many) made out of a proximal woven polyester tube graft and a
distal self-expandable nitinol stent graft.implanted (St Jude Medical, St Paul, Minn). At a core body
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branches were clamped, and an antegrade cerebral perfusion via
the subclavian artery was started at a flow of 15 to 20 mL · kg1 ·
min1. The supra-aortal branches were excised with an aortic cuff
around them. The stent-graft part of the frozen elephant trunk was
introduced in an antegrade way in the descending aorta over a stiff
guidewire by using fluoroscopy. The proximal landing zone was
approximately 4 cm distal to the left subclavian artery. The poly-
ester tube was attached to the proximal descending aorta by using
a 4-0 polypropylene running suture. The supra-aortal branches
were reattached to the surgical part of the aortic graft. Finally, an
end-to-end anastomosis between the composite graft prosthesis
and the arch part of the frozen elephant trunk prosthesis was
performed. Weaning the patient from CPB after 150 minutes and
after 50 minutes of deep hypothermia and circulatory arrest with
antegrade cerebral perfusion was uncomplicated, and the opera-
tion was completed in the usual fashion. The patient was trans-
ferred to the intensive care unit in stable condition without ino-
tropic support.
Patient 2 was a 61-year-old woman who had undergone aortic
valve replacement 18 years previously as a result of aortic valve
insufficiency by using a 27-mm mechanical prosthesis (St Jude
Medical). Ten years later, the patient had to undergo reoperation
as a result of severe dilatation of the aortic root and ascending
aorta. This time, a 25-mm mechanical composite graft (St Jude
Medical) was implanted. Subsequent controls showed regular
valve function and normal left ventricular function. The patient
Fig 2. Aneurysm of the ascending aorta, arch, and desnow presented with a rapidly progressive dilatation of the remain-ing part of the ascending aorta, the aortic arch, and the proximal
part of the descending aorta, with a maximal diameter of 60 mm.
Again, the right subclavian artery was cannulated before sternot-
omy. CPB and the cerebral and myocardial protection techniques
were similar to those applied in conventional aortic arch surgery in
our institution. Selective antegrade cerebral perfusion via the right
subclavian artery was started, the brachiocephalic trunk and the left
common the frozen elephant trunk carotid artery were cross-
clamped, and the left subclavian artery was occluded with a Fogarty
catheter. Thereafter, the same techniques as in case 1 were applied.
Weaning from CPB was unproblematic, and the patient was trans-
ferred to the intensive care unit in stable condition. The duration of
CPB was 144 minutes, with 58 minutes of deep hypothermia and
circulatory arrest with antegrade cerebral perfusion.
Both patients had an uneventful postoperative hospital course
and were discharged on the 10th postoperative day. The 6-month
follow-up by computed tomographic scanning showed excellent
postoperative results (Fig) demonstrating total exclusion of the
aneurysms, no stenosis at the level of the anastomosis, thrombosed
perigraft space around the frozen part of the trunk, and absence of
endoleak.
DISCUSSION
The frozen elephant trunk technique is an interesting
further development of the classic elephant trunk technique
that allows treatment of the most complete lesions in the
ing aorta with a diameter of 60 mm in the first patient.thoracic aorta combined with an acceptable perioperative
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trunk procedure or a single-stage operation using a clam-
shell access, the technique, which combines endovascular
and surgical approaches, is rather simple and can be offered
to patients with complex aneurysms or dissections of the
thoracic aorta. Especially in patients undergoing hybrid
interventions, careful planning of the operation by using
contrast-enhanced computed tomographic scans or mag-
netic resonance imaging is of the utmost importance to
evaluate the aortic anatomy and identify anatomic varia-
tions—eg, the origin of the left and right subclavian arteries
and bovine arch anatomy. The origin of the left subclavian
artery is an important issue because it may require a change
of strategy and the performance of a carotid-to-subclavian
bypass. Another important issue is reconstruction of the
head vessels. In patients with Marfan syndrome or patients
with heavily calcified arches, debranching and single reim-
Fig 3. Contrast-enhanced computed tomographic scan after im-
plantation of the frozen elephant trunk.plantation of the head vessels should be performed.4 When-ever possible, we try to create a head vessel island because it
is much faster and has less risk of stenosis.
The stent graft used is not coated and therefore does
need preclotting, which is performed after stent-graft de-
ployment. Until recently, we used nonheparinized blood
for preclotting of the graft. Now we use albumin. After
placement of the stent graft, we introduce a Fogarty cath-
eter, block the proximal part of the stent graft, and then fill
in 100 mL of 20% albumin. Afterward, the elephant trunk
is sealed, and only minimal leakage occurs. We experienced
no problems in placing the stent graft over a stiff guidewire.
Karck and colleagues5 report the use of a femoral through-
and-through guidewire, but using an antegrade ball-tip-
end guide seemed sufficient. The distal landing zone is
defined by the extent of the aneurysm and the length of the
stent. The most proximal landing zone is 160 mm (the
length of the stent graft) distal from the left subclavian
artery. The most distal landing zone is perhaps 210 to 220
mm distal to the left subclavian artery. The aim of the
frozen elephant trunk procedure is one-stage repair by total
exclusion of the aneurysm, including the aneurysm in the
descending aorta. If it is obvious that the pathology cannot
be addressed in a one-stage repair, we do not think that a
frozen elephant trunk is the therapeutic strategy of choice.
One technical drawback is the fact that there is a fixed
combination between the size of the stent graft and the size
of the polyester tube. Antegrade hypothermic selective
cerebral perfusion through the subclavian artery provided
sufficient cerebral protection and enough time for surgery.
The E-vita open prosthesis bears the CE mark and is
approved for use in complex aortic aneurysms and dissec-
tions in the European Union. Therefore, the use of this
device does not need human use committee approval.
Nevertheless, informed consent was obtained.
CONCLUSION
The use of the new E-vita open hybrid prosthesis is a
feasible and efficient option in the treatment of complex
aortic pathologies. These techniques effectively combine
surgical and interventional technologies with low perioper-
ative morbidity. Figs 1–3.
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